Abstract. The SNP A6986G of the CYP3A5 gene (*3) results in a non-functional protein due to a splicing defect whereas the C3435T was associated with variable expression of the ABCB1 gene, due to protein instability. Part of the large interindividual variability in tacrolimus efficacy and toxicity can be accounted for by these genetic factors. Seventy-two individuals were examined for A6986G and C3435T polymorphism using a PCR-RFLP-based technique to estimate genotype and allele frequencies in the Jordanian population. The association of age, hematocrit, platelet count, CYP3A5, and ABCB1 polymorphisms with tacrolimus dose-and body-weight-normalized levels in the subset of 38 pediatric renal transplant patients was evaluated. A Markov model was used to evaluate the time-dependent probability of an adverse event occurrence by CYP3A5 phenotypes and ABCB1 genotypes. The timedependent probability of adverse event was about double in CYP3A5 non-expressors compared to the expressors for the first 12 months of therapy. The CYP3A5 non-expressors had higher corresponding normalized tacrolimus levels compared to the expressors in the first 3 months. The correlation trend between probability of adverse events and normalized tacrolimus concentrations for the two CYP3A5 phenotypes persisted for the first 9 months of therapy. The differences among ABCB1 genotypes in terms of adverse events and normalized tacrolimus levels were only observed in the first 3 months of therapy. The information on CYP3A5 genotypes and tacrolimus dose requirement is important in designing effective programs toward management of tacrolimus side effects particularly for the initial dose when tacrolimus blood levels are not available for therapeutic drug monitoring.
INTRODUCTION
Pharmacogenomics play an important role in the disposition of tacrolimus. Tacrolimus is a substrate of the gastrointestinal tract p-glycoprotein and is metabolized by CYP3A4 and 3A5 in the gut wall and the liver (1, 2) . Mutations in genes coding for these proteins can lead to altered pharmacokinetics, as has been established for the phenotypic impact of CYP3A5*3 polymorphism (3). CYP3A5 expressor individuals with at least one wild-type allele would require a higher dose of tacrolimus in order to achieve their therapeutic goal (4) (5) (6) . The variant CYP3A5*3 polymorphisms in transplant recipients predispose them to tacrolimus-related adverse events or even failure due to insufficient immunosuppression, depending on their genotype.
The ABCB1 gene codes for the gastrointestinal tract pglycoprotein and polymorphisms in this gene could also possibly affect tacrolimus pharmacokinetics. The ABCB1 3435TT variant genotype may lead to a decreased protein expression in the intestinal tract, whereas individuals with the CC genotype had an approximately two-fold the level of pglycoprotein expression of the TT genotype in the small intestine (7, 8) . Because the function of p-glycoprotein is to pump drug out of the cell, the variant genotype is thought to lead to an increase in the absorption of calcineurin inhibitors (9) . ABCB1 polymorphisms and haplotypes, specifically C3435T and G2677T, were shown to be associated with tacrolimus-related nephrotoxicity in the early post-transplant period, as well as short-term remission rates in patients with ulcerative colitis on tacrolimus (10, 11) . Several studies, however, have found no effect of the ABCB1 haplotype on tacrolimus pharmacokinetics (12, 13) . When controlling for CYP3A5 genotype, specifically in the non-CYP3A5 expressors, the effects of ABCB1 haplotypes on tacrolimus pharmacokinetics were shown to be statistically significant (14) . It was argued that the reason why these studies did not find an effect was due to the fact that CYP3A5 could possibly mask the effects of ABCB1 genotypes (14) .
The effects that these phenotypes and genotypes can have on the concentration-profile of tacrolimus might be related to the adverse events caused by high levels of tacrolimus. The estimation of the initial dose to give to a patient is critical, given that no prior estimation of blood levels is available to determine patient's clearance for the drug. Several investigators proposed using pharmacogenetic testing for CYP3A5 genotype as an additional factor in determining the initial dose of tacrolimus (e.g., 0.30 mg/kg/ day for CYP3A5*1-allele carriers and 0.15 mg/kg/day for CYP3A5 *3/*3 homozygous patients) (15, 16) . Despite using a genotype-guided dosing strategy, many patients did not achieve the targeted tacrolimus levels during the initial treatment period and this could possibly be a reason for not achieving a significant improvement in the genotype-guided dosing (16) . It was later argued that the fact that CYP3A5 is not the only determinant of tacrolimus disposition could be an underlying reason why a substantial number of patients did not achieve their targeted levels (17) . The combination of CYP3A4 activity and CYP3A5 genotype was shown to contribute to 56-59% of variability in tacrolimus dose requirement and hematocrit accounted for 4% to 14% (17) .
Many of these studies focused on the effect of polymorphisms on tacrolimus pharmacokinetics. Recently, we looked at adverse events as a relevant measure of pharmacogenomics effects on tacrolimus safety and efficacy (18) . That study established the effect of both CYP3A5 and ABCB1 polymorphisms on tacrolimus safety. CYP3A5 expressors were associated with only 36% relative risk of the non-expressors and ABCB1 3435TT genotype had less overall risks than the CC and CT genotypes for adverse events, excluding graft loss, acute, and chronic rejection which are associated with insufficient immunosuppression. One of the limitations of the Cox-proportional hazard model, which was used in that analysis, is that it does not account for the change in probability of risk over time. This study evaluates the probability of developing adverse events due to CYP3A5 and ABCB1 pharmacogenomics using a Markov chain model. Because the study was carried out over a 2-year period in pediatric renal transplant patients and tacrolimus dosing is subject to rigorous therapeutic drug monitoring in these patients, the monthly risk should decrease over time due to dose adjustments. For this reason, the probability was determined in a time-dependent manner. The pediatric renal transplant population represents a unique population that also allowed us to evaluate the age-related changes in tacrolimus dosing requirement.
METHODS
The renal transplant study is a retrospective study wherein the tacrolimus blood concentration data from 38 pediatric renal transplant patients were collected for a period of approximately 22±15 months. The transplant recipients were recruited from those undergoing routine therapeutic drug monitoring study of tacrolimus. Informed consent for the pediatric patients was signed by the patient's parents or guardians and was conducted prior to their study initiation. The clinical design and outcome of the study was previously described (19) . An additional 34 male adult healthy volunteers were included in this study to evaluate genotype frequencies in the Jordanian population. The adult volunteers were recruited for a bioequivalence study evaluating quetiapine tablets. Written informed consents were obtained from all adult subjects prior to inclusion in the study. Ethical approval for the study was obtained from the Institutional Review Board/independent ethics committee and the regulatory authorities in Jordan. The protocol conformed to the Declaration of Helsinki. The genetic information from subjects from two separate studies was pooled in order to provide a larger sample size.
Detection of Genetic Polymorphism and Bioanalysis
The genotyping procedure for CYP3A5 A6986G and ABCB1 C3435T and the determination of tacrolimus blood concentrations were previously described (18) .
Markov Chain Model
A Markov chain model is a probability model in which the distribution of future outcomes depends only on the current state and not on the whole history (20) . In other words, the probability of a certain state to occur in the following time interval is only dependent on the state in the current time interval. Markov models have been broadly applied in clinical studies (21) (22) (23) . The adverse event data for the development of Markov chain model was from the pediatric renal transplant study. In this study, the transition probabilities defined were based on two states: without (state 0) and with (state 1) adverse event. This was coded per week in the observed time interval of each patient; if the subject reported at least one adverse event in that week, state 1 was assigned. Contrary to a linear regression model, a Markov chain model does not assume independence between observations, an approach that was chosen because in this case the occurrence of an adverse event is related to the concentration of the drug; an adverse event caused by a high drug concentration might not disappear if the dose is not altered. The state of the subject at a given visit is therefore conditioned on the state of his previous visit. For subjects who did not report an adverse event at a particular visit, the two transitions to the next observation are "00" if they remained without adverse event or "01" if they acquired an adverse event (Fig. 1) . The properties of transition probabilities were adhered such that the sum of the transition probabilities from state 0 is 1. The same holds true for the sum of transition probabilities from state 1, so that Eq. 1 holds:
The transition probabilities P 01 and P 10 per CYP3A5 phenotypes and per ABCB1 genotypes by months were directly determined by odd ratios in the corresponding logit function:
where logit i reflects the baseline logit score for the ith transition after the first observation and θ i the corresponding typical population probability operator. P i is the probability for the ith transition. All models were fitted using two likelihood approximation algorithms, the first-order (FOCE) and second-order (LAPLACE) conditional estimation methods. No random effects were estimated as the data did not support more complex models than the structural model. After this model was developed, the probabilities for the different transitions could be computed. The probability of an adverse event happening given the patient is experiencing no adverse event was estimated in two different analyses. The first divided the patients into two groups based on their CYP3A5 phenotype, non-expressors (CYP3A5*3/3) and expressors (CYP3A5*1/3 or CYP3A5*1/1). The fixed effect parameter (theta) "P 01 " was estimated separately for these two groups. The second analysis divided patients into three groups, based on their ABCB1 polymorphisms, having high, medium or low expression of the p-glycoprotein (3435CC, 3435CT, and 3435TT, respectively). Here too, P 01 was estimated separately for the three groups. For both analyses the probabilities were estimated per block of 3 months in order to see the time dependence of the probability of adverse events occurring. Weighting factors were introduced to the probability model based on the severity of the adverse events (Table I) Table I defines whether the adverse event was related to tacrolimus (TAC-related) or due to the combination of immunosuppressants (combination). Weighting factors for the attributes were 1 for TAC-related and 0.5 for combination. For no adverse events in both previous and current time, the weighting factors were set to 1 for both attribute and severity in order to avoid division by 0. The weighted Markov chains were established as described previously (24) . Given that the probabilities P 01 and P 10 were determined from each adverse event, the weighting functions were incorporated to the estimation of the probabilities by multiplying the estimated probabilities by the product of the two weighting factor system based on severity (r sevr ) and attribute (r attr ):
r sevr;k r attr;k ð4Þ
The weighted average of the probabilities is then computed as:
Statistical Analysis
The dose requirements were computed from trough concentrations divided by the total dose and body weight.
The resulting values were then tested for normal distribution using Kolmogorov-Smirnov test. The distribution of the nontransformed values was heavily skewed. The log-normal transformed data, though still not normally distributed by the same test, was not skewed; the histogram showed a bimodal distribution (plot not shown). The transformed data were compared using a generalized linear mixed model (SAS 9.3; SAS Institute Inc., Cary, NC). The fixed effects of CYP3A5 phenotype, ABCB1 genotype, time post-transplant in months, age, hematocrit, and platelet counts were investigated with stepwise selection. Subjects were set as random effects. Appropriate covariance structures were selected to account for the repeated measures from each subject by 3-month period. The covariates were introduced with stepwise forward algorithm at the p value of 0.05, corrected for multiple testing. Tukey-Kramer's test was used for post-hoc multiple comparisons.
Genotype and allele frequencies were computed directly using the gap and genetics packages within the statistical software R (version 2.14.0). The Hardy-Weinberg equilibrium was assessed by computing the expected values and the gene frequency deviation from this expectation, using a contingency table χ 2 statistic. The R×C contingency table analysis was used to evaluate association between ABCB1 and CYP3A5 genotypes and the χ 2 test was used for the evaluation. A p value of ≤0.05 was considered statistically significant.
RESULTS

Demographics
Thirty-eight pediatric kidney transplant patients, comprising 17 males and 21 females, were enrolled in the study. The demographics and clinical information of the patients are presented in Table II . All 38 patients received immunosuppressive therapy consisting of tacrolimus and either prednisone, mycophenolate mofetil (n=27), azathioprine (n=8) or mycophenolate sodium (n=3). Mocyphenolate mofetil was substituted with azathioprine in five cases, while mycophenolate mofetil replaced azathioprine in another four cases due to intolerable adverse events encountered during the first year; 18.4% of the pediatric population were CYP3A5 expressors (*1/*1 and *1/*3). The adverse events experienced by the pediatric renal transplant patients are listed in Table I and described previously (19) . Each adverse event is categorized by their severity and attribute. Attribute characterizes whether the specific adverse event is related to the combination of immunosuppressive drugs or is specific for tacrolimus, since all the patients were administered at least three immunosuppression drugs. Fig. 1 . Transitions between the two states (no adverse event, adverse event, defined by the scores 0 and 1, respectively). The P xx are the transition probabilities from the different states The 34 adult volunteers recruited for a bioequivalence study evaluating quetiapine tablets were all male with a mean age of 36 years; 26.4% of the adults were CYP3A5 expressors; 50% of the subjects had the heterozygous ABCB1 C3435T genotype; 32.4% and 17.6% were homozygous wildtype and variant genotypes, respectively. The limited demographic information of these individuals is shown in Table II .
Markov Probabilities of Adverse Events
The probability of getting an adverse event when experiencing no adverse event for CYP3A5 expressors and non-expressors over time is shown in Fig. 2 . The adverse events that were severe and tacrolimus-specific had higher weights in the probability computation. The probability, in fact, is a measure of both the severity and specificity, as well as the occurrence of adverse event. In the first 12 months, non-expressors have almost double the probability of getting an adverse event compared to expressors. For both groups, the probability then declines after the first 3 months. There does not seem to be a significant overall difference between 3 and 12 months for the non-expressors. In the expressor individuals, the probability decreased over time between 3 and 12 months. The results suggest that the non-expressor individuals tend to experience more adverse event with greater severity and specificity for tacrolimus. Separated on the basis of ABCB1 genotype, the probability of getting an adverse event when experiencing no adverse event is plotted in Fig. 3 . Weighting factors were also incorporated in the probability computation. In the first 3 months, the 3435TT genotype seems to give a lower probability of adverse events compared to the other two genotypes. The probability then declines for all three genotypes.
Plotted on the lower panels of Figs. 2 and 3 were the mean±SD of dose-and weight-normalized tacrolimus concentrations, by CYP3A5 phenotypes and ABCB1 genotypes, respectively. The CYP3A5 non-expressors had relatively higher normalized tacrolimus levels compared to the expressors in the first 3 months. This may consequently have resulted in higher observed probability of adverse events in the non-expressors. There is a good agreement in the trend between probability of adverse events and normalized tacrolimus concentrations for the two CYP3A5 phenotypes that persisted for the first 9 months of therapy. The normalized tacrolimus concentrations in the CYP3A5 non- expressors decreased over time to the level comparable to that in the expressors. In Fig. 3 , the ABCB1 3435TT genotype individuals had lower normalized tacrolimus concentrations than CC or CT. The difference diminished quickly after the third month of therapy. Similar to that observed in Fig. 2 for CYP3A5 phenotypes, the normalized tacrolimus levels decreased over time for all ABCB1 genotypes. We note that the analysis included both CYP3A5 expressors and non-expressors; this inclusion could potentially mask the contribution of ABCB1 genotypes.
Tacrolimus Dose Requirement and Influential Covariates
The first tacrolimus dose was 0.3 mg/kg in order to achieve trough concentrations between 10 and 20 ng/mL during the first month after transplant and 0.1 mg/kg thereafter to maintain a trough level of 5 to 10 ng/mL. The dose was further adjusted on the basis of patient's response, adverse events and targeted trough drug concentration. The trough concentrations during the first month were 8.90±4.55 ng/mL, ranging from 3 to 30 ng/ mL. After the first month, the trough levels were 7.58± 3.04 ng/mL with a range between 2.1 and 25.2 ng/mL. Given that the tacrolimus dose was administered on body weight basis, the dose-and body-weight-normalized drug concentrations were deemed to be better predictors of genotype effect.
Of the tested covariates, CYP3A5 phenotype, ABCB1 genotype, hematocrit, time post-transplant, age and platelet counts were influential predictors of dose-and body-weightnormalized tacrolimus trough concentrations. Figure 4 shows the normalized tacrolimus levels by comparators which were influential covariates. The least square means (95% confidence interval, CI) of the dose-normalized by body weight concentration in the expressors and non-expressors were 37 (26-52) and 51 (41-63.4)×10 −3 ng/mL per mg/kg. The comparisons were tested by Tukey-Kramer method and adjusted for multiple comparisons (p=0.008; Table III) . For ABCB1 genotypes, the 3435TT (33, CI: 24-47) is significantly different from 3435CC (51, CI: 42-63) and CT (48, CI: 36-64), whereas CC and CT were not significantly different from each other with respect to tacrolimus dose requirement (TT vs. CT, p=0.0001; TT vs. CC, p=0.0008; CT vs. CC, p=0.56; Table I ). Hematocrit, separated into high (≥33%) and low (<33%) levels, was an influential factor of normalized tacrolimus levels (p=0.0035; 48, CI: 37-62 vs. 39, CI: 30-52× 10 −3 ng/mL per mg/kg, respectively). Time after transplant in the first 9 months were significantly different from 9 to 12 and >12 months period (1-3 vs. 9-12, p=0.0218; 1-3 vs. >12, p= 0.0005; 6-9 vs. 9-12, p<0.0001). In this study population, the patients undergoing renal transplantation ranged from 4 to 19 years of age. The youngest patient at 4 years of age, who is also a CYP3A5 non-expressor, had the highest normalized tacrolimus. The single patient's normalized tacrolimus levels were significantly higher than other patients who are older. Fig. 2 . The probability of an adverse event occurring per block of 3 months given the subject has no adverse event at the current moment (P 01 ; top) and dose-and body-weight-normalized tacrolimus trough concentrations (bottom), stratified by CYP3A5 phenotype Fig. 3 . The probability of an adverse event occurring per block of 3 months given the subject has no adverse event at the current moment (P 01 ; top) and dose-and body-weight-normalized tacrolimus trough concentrations (bottom), stratified by ABCB1 genotype However, due to small sample size (n=1), the significance could be due to random chance.
Frequencies of ABCB1 C3435T and CYP3A5 A6986G Polymorphism in Jordanian Population
The allele and genotype frequencies for CYP3A5 and ABCB1 in the Jordanian population are summarized in Table IV . ABCB1 C3435T variant allele frequency was 39%. In this population, the most common ABCB1 genotype, the heterozygous CT, was found in 45% of the subjects, followed by the homozygous wild-type CC with 36%. The observed genotype distributions were consistent with Hardy-Weinberg equilibrium (p>0.1, Table IV) .
The CYP3A5 A6986G (*3) variant allele frequency was estimated to be approximately 87%. Approximately 78% of the individuals were the homozygous *3/*3 variant genotype, followed by the heterozygous *1/*3 with 14% in frequency and 8% for the wild-type expressor genotype *1/*1. The *1/*1 genotype frequencies were not in Hardy-Weinberg equilibrium, wherein a greater than expected number of the wild-type homozygotes was observed (p=0.0007). There were contradicting reports on whether CYP3A5*3 polymorphism follows Hardy-Weinberg equilibrium in various ethnic groups (25) (26) (27) (28) . The likely explanation for the deviation from HardyWeinberg equilibrium is that differential selection process in some geographical region could be operating against the *3 allele, given that the CYP3A5 activity is associated with xenobiotic detoxification and the lack of activity could pose a significant risk (27) .
The contingency table to evaluate whether there was any association between ABCB1 and CYP3A5 genotypes is shown in Table V . In this population, all of the ABCB1 3435TT individuals also were CYP3A5 *3/*3 genotype. This could be attributed to random chance, given that the majority of this population was CYP3A5 non-expressors. The test of association using the χ 2 -statistic had a critical value of 7.5 at 4 degrees of freedom, which was not significant.
DISCUSSION
This analysis shows the application and use of a Markov chain model for estimating the probability of getting an adverse event on tacrolimus when a patient has no adverse event. The CYP3A5 phenotype seems to have an influence on this probability, as in the first-year post-transplant, it was estimated to be almost doubled for the non-expressors compared to the expressors. So patients with this phenotype have a higher risk to get an adverse event related to tacrolimus toxicity and greater severity, probably due to lower clearance of the drug and therefore higher plasma concentrations. After the first 3 months, the probability of getting an adverse event in both groups declined and the difference between the two groups was consistently distinct during the first year. An explanation for this observation is that all patients were under strict therapeutic drug monitoring during the study. This means the dose was adjusted according to measured plasma levels and was therefore optimized over time to reach target plasma concentrations. However, this appears to be insufficient in the first 3 months of Although in the first 3 months the 3435TT genotype has a lower probability for the occurrence of an adverse event, overall there is no clear trend in the effect of the ABCB1 genotype on the probability of an adverse event happening. Because the 3435CC genotype leads to higher p-glycoprotein levels in the intestine and therefore supposedly to higher export of the drug, it would lead to lower concentrations, but a lower probability of adverse events is not observed. However, many factors determine the PK of a drug, possibly obscuring this effect by other pathways, such as the CYP3A5 phenotype, which might have resulted in the inconclusiveness of this analysis. It cannot be concluded that the ABCB1 genotype has a clear effect on risk for adverse events in this study. As there are several reported inconsistencies regarding the effect of ABCB1 polymorphisms and tacrolimus-related adverse events (4, 5, (10) (11) (12) (13) (14) , the mechanism underlying the association between ABCB1 variants and tacrolimus disposition is still uncertain. Further studies are necessary to elucidate the function of specific variations in the p-glycoprotein expression on the absorption process of tacrolimus in the gut and also other tissues.
There are some drawbacks in this study, one of which is that the phenotypes/genotypes are not evenly distributed. For the CYP3A5 phenotype, 18% were expressors and 82% nonexpressors. The small number of patients in one group might introduce bias in the results as the variability can be high. The same holds true for the ABCB1 genotype, where approximately 20% of patients is 3435TT, compared to 40% for 3435CT and 3435CC. Additionally, the sample size is small for detecting effects of genotype; the smaller groups consist of seven or eight patients, compromising the power of this study.
For both stratifications, a probability of zero can occur as seen in Figs. 2 and 3 . No patient in this specific group had an adverse event in this period and therefore the group was omitted from analysis in this time interval in order for the model to converge. This does not mean, however, that the probability was zero in this time interval, the data does not support an estimation of the probability.
In Shilbayeh et al. (19) , the outcome of the pediatric renal transplantation was described without a stratified analysis based on specific genetic polymorphism. We then used a Cox-proportional hazard model to evaluate the relative risk of adverse event occurrence by CYP3A5 phenotype (18) . The expressor phenotype had a significantly lower risk than the non-expressors. The results of the present Markov chain model were consistent with that observed using the Cox-proportional hazard model. The Cox-proportional hazard model, however, lacks the facility to show improvement in the management of adverse events over time, which is the primary endpoint and the reason for therapeutic drug monitoring. The application of Markov chain allowed one to visualize the time-dependent changes in the probability of adverse event occurrence. The significant decrease in the number of adverse events and severity was observed in this patient population over the 1-year period. Thus, the methodology fulfils our need for a metric to monitor whether our therapeutic monitoring program is achieving its goal and is broadly applicable for evaluating the effectiveness of therapeutic drug monitoring. The dose requirement for tacrolimus measured by doseand body-weight-normalized blood levels is significantly higher in CYP3A5 non-expressor than the expressor phenotype. There is a good correlation between adverse event probability and tacrolimus dose-and body-weight-normalized levels. CYP3A5 expressor individuals with at least one wildtype allele would require a higher dose of tacrolimus in order to achieve their therapeutic goal (4-6). The dose-normalized tacrolimus blood levels were significantly different between the expressors (*1/*1 or *1/*3) versus the non-expressors (*3/ *3). The trend was evident in the first 9 months after transplant. In pediatric kidney transplant patients, CYP3A5 genotype in the organ recipient is more important to account for the variability in tacrolimus dosing requirement probably due to the fact that the variation in hepatic metabolism plays a greater role in tacrolimus disposition. The result of this study supports various investigations that called for genotyping to provide useful information in guiding the initial dose where prior tacrolimus blood levels may not be available for dose guidance and adjustments (29) .
The effect of age in this study population was significant and consistent with that reported in the literature (30) (31) (32) . The patient population in our study, however, was mainly older than 5 years of age. The pediatric patients in the study were above the neonatal age that the effect of ontogeny on drug metabolism is unlikely. One individual with 4 years of age had a significantly larger normalized tacrolimus level than the other individuals in the study. With the exception of the youngest individual, the dose-and weight-adjusted trough concentrations for pediatric patients between 5 and 19 years in this study were consistently below 0.1 ng/mL per mg/day/kg. Numerous age-related differences in drug disposition including CYP3A4/5 metabolism and p-glycoprotein transport have been reported, contributing to large interindividual variability in CYP3A activities (33) (34) (35) . In heart, kidney, and liver transplant patients, children younger than 5 years of age were shown to require a larger dose of tacrolimus than older children (30) (31) (32) (36) (37) (38) . CYP3A4 activity is very low before birth and rapidly increases to approximately 50% of adult levels between 6 and 12 months of age whereas no developmental patterns were observed for CYP3A5 expression (39) (40) (41) . The likely explanation for the larger dose requirement in pediatric patients below 5 years of age could be due to ontogeny effect of CYP3A4 rather than 3A5.
The proportion of CYP3A5 genotypes in the Jordanian population was analyzed in this study wherein the nonexpressor *3/*3 genotype and those who are heterozygous *1/*3 represent 78% and 14% of study population, respectively. The variant allele in this population was detected at a frequency of approximately 87%, which is consistent with data from the Caucasian populations (29, (42) (43) (44) (45) . The ABCB1 C3435T genotype frequency distribution in the Jordanian population is closer to the Caucasian and Saudi Arabian populations (7, 46) . The variant allele frequency in the Jordanian population was 39% which is comparable to most of the Caucasian population ranging from 32% to 60% (7, (46) (47) (48) . On the basis of the regional genotype frequencies for CYP3A5 A6986G and ABCB1 C3435T and in the absence of routine genotyping facilities in Jordan, we do not recommend a different dosing consensus from that in the Western countries; therapeutic drug monitoring is highly recommended as our study shows the decrease in adverse events over time due to dose adjustments.
CONCLUSION
This study shows that the probability of an adverse event occurrence in the first 3 months in the CYP3A5 non-expressors is twice in magnitude of that in the CYP3A5 expressors. This observation is consistent with the difference in tacrolimus dose requirement between the two phenotypes, measured by the tacrolimus trough concentrations. This information on CYP3A5 phenotypes and tacrolimus dose requirement is important in designing effective programs toward management of tacrolimus side effects particularly for the initial dose when tacrolimus blood levels are not available for therapeutic drug monitoring purposes.
